Study Design. Retrospective analysis of a prospectively maintained surgical registry. Objective. To examine the association between body mass index (BMI) and the risk for undergoing a revision procedure following a single-level minimally invasive (MIS) lumbar discectomy (LD). Summary of Background Data. Studies conflict as to whether greater BMI contributes to recurrent herniation and the need for revision procedures following LD. Patients and surgeons would benefit from knowing whether greater BMI is a risk factor to guide the decision whether to pursue an operative versus non-operative treatment. Results. A total of 226 patients were identified. Of these, 56 (24.8%) were normal weight, 80 (35.4%) were overweight, 66 (29.2%) were obese, and 24 (10.6%) were morbidly obese. A total of 23 patients (10.2%) underwent a revision procedure in the first 2 postoperative years. The 2-year risk for revision procedure was 1.8% for normal weight patients, 12.5% for overweight patients, 9.1% for obese patients, and 25.0% for morbidly obese patients. In the multivariate-adjusted analysis model, BMI category was independently associated with undergoing a revision procedure (P ¼ 0.038).
O besity, commonly defined as body mass index (BMI) at least 30 kg/m 2 , is endemic in the United States, with about one third of the population affected. 1 In addition, about one third of the population is overweight, defined as BMI 25 to 30 kg/m 2 . The negative impacts of elevated BMI on musculoskeletal and spinal health have been well documented, with elevated BMI contributing to degenerative disc disease, facet arthritis, and low back pain. [2] [3] [4] [5] [6] [7] [8] Moreover, a number of studies have demonstrated that obese patients have a greater risk for complications following spinal surgery. 9, 10 Nevertheless, spinal surgery is thought to be effective in obese patients with appropriate surgical indications. 11, 12 Despite the high prevalence of overweight/obesity and BMI's known impact on spinal health, the association between BMI and the need for revision procedures has received less attention. [13] [14] [15] [16] [17] [18] [19] [20] [21] The standard of care for lumbar disc herniation that is refractory to conservative management is a lumbar discectomy (LD) 22 ; however, one of the major risks of LD is recurrent herniation following the procedure, 23, 24 which has been documented to occur at a rate of between 5% and 15%. 23,25 -33 Moreover, other patients might simply never improve due to failure of the initial procedure to remove all extruded disc material.
Patients and surgeons must consider the risk of revision procedures when deciding whether to proceed with surgical treatment or to attempt continuation of conservative care. It would be helpful for patients and surgeons to better understand the role that BMI plays in the risk for revision procedures; however, investigations of obesity's association with recurrent herniation and the need for revision procedures have had mixed and contradicting results. 12, 21, 34 The purpose of the present study was to examine the association between BMI and the risk for revision surgery following a single-level minimally invasive (MIS) LD.
METHODS

Patient Population
As part of routine practice, the authors maintain a prospective surgical registry of all patients undergoing spinal surgery. As patients are scheduled for surgery, the patients are added into the registry along with baseline data. Hospital data are entered immediately after patients are discharged. This registry was retrospectively reviewed to identify consecutive patients undergoing single-level MIS LD during 2009 to 2014.
Surgical Technique
All patients underwent MIS LD using a similar technique. The patient was placed in the prone position on a Jackson table. The target level was localized using fluoroscopic imaging. A 1 to 2 cm incision was made lateral to the midline at the operative level. Sequential dilators were placed until an 18 mm tubular retractor could be positioned. Kerrison rongeurs and a high-speed burr were used to perform a hemilaminectomy, with care taken to preserve the pars interarticularis and at least 50% of the facet joint. The ligamentum flavum was then resected and the traversing nerve root was carefully retracted medially. If there was no disruption of the annulus through which to extract the herniated disc material, an annulotomy was created. The residual loose disc material was then extracted using pituitary rongeurs. Care was taken not to enter the intervertebral space.
Data Collection
The prospectively maintained surgical registry included demographic, comorbidity, and procedural characteristics. Of note, comorbidity information was recorded in the form of a Charlson comorbidity index (CCI) that had been modified from its original form 35 Patient records during the 2 years following LD were reviewed. Patients with ongoing or recurrent symptoms, with a magnetic resonance imaging study documenting persistent or recurrent herniation of the same intervertebral disc, and with a scheduled revision procedure were considered to have had revision procedures. The endpoint of this study was based on surgical intervention. This is a relatively closed practice and it was assumed that all patients would have followed up with the attending surgeon if they had recurrent symptoms severe enough to warrant reoperation during the first 24 postoperative months. There was no requirement that a recurrent herniation be on the same side as the original herniation-only that it be at the same level.
Data Analysis
Analysis was conducted using Stata version 13.1 (StataCorp LP, College Station, TX). The level of significance was set at P < 0.05. First, baseline characteristics were tested for association with BMI categorization using analysis of variance (for continuous characteristics) or Pearson chisquared test (for categorical characteristics). Second, multivariate cox proportional hazards survival analysis modeling was used to test for association between BMI category and undergoing a revision procedure within 2 years of the index procedure. The multivariate model included adjustment for age, sex, modified CCI, current smoking status, and operative levels. Separate analyses were then conducted with the outcome defined as revision procedure without an initial improvement in VAS and revision procedure following an initial period of improvement in VAS. Finally, Poisson regression with robust error variance was used to test for association of BMI (as a continuous variable) with the risk for undergoing a revision procedure to generate estimates of the risk for undergoing a revision procedure across the BMI spectrum.
RESULTS
A total of 226 patients were identified. Of these, 56 (24.8%) were normal weight, 80 (35.4%) were overweight, 66 (29.2%) were obese, and 24 (10.6%) were morbidly obese ( Figure 1 ). There were no associations between BMI category and patient age, sex, modified CCI, current smoking status, or operative level (P > 0.05 for each; Table 1 ).
A total of 23 patients (10.2%) underwent a revision procedure in the first 2 years following surgery. In all instances, the persistent or recurrent herniation was on the same side as the original herniation. The 2-year risk for revision procedure was 1.8% for normal weight patients, 12.5% for overweight patients, 9.1% for obese patients, and 25.0% for morbidly obese patients ( Figure 2 ). Critically, in the multivariate-adjusted cox-proportional hazards survival analysis model, BMI category was independently associated with undergoing a revision procedure (P ¼ 0.038). The hazard ratio for overweight patients relative to normal weight patients was 7.1 (95% confidence interval [CI] ¼ 0.9-55.3), for obese patients relative to normal patients was 4.9 (95% CI ¼ 0.6-41.1), and for morbidly obese patients relative to normal patients was 17.4 (95% CI ¼ 2.0-152.1). Of note, in the multivariate model, undergoing a revision procedure was not associated with age (P ¼ 0.909), sex (P ¼ 0.897), modified CCI (P ¼ 0.525), operative levels (P ¼ 0.219), or smoking status (P ¼ 0.850). In post hoc pairwise comparisons, the only BMI categories that had statistically significant differences from each other were morbid obesity versus normal weight (P ¼ 0.010) and morbid obesity versus obesity (P ¼ 0.039); however, the small number of patients divided into four BMI groups limits the validity of the statistical analyses. Of the 23 patients who underwent revision procedures, 10 (43.5%) of them showed improvement in their symptoms (defined by a decreased VAS) at the 6-or 12-week follow-up visit following the initial surgery. Of the 10 that showed initial improvement, 0 were normal weight, 6 were overweight, 2 were obese, and 2 were morbidly obese. Of the 13 who did not show initial improvement, 1 was normal weight, 4 were overweight, 4 were obese, and 4 were morbidly obese.
Separate multivariate analyses were then conducted based on whether patients had an initial period of improvement. When the outcome was revision procedure with no initial improvement, there was a trend that did not achieve statistical significance toward patients with greater BMI having an increased risk for undergoing a revision procedure (P ¼ 0.061; Figure 3 ). The hazard ratio for overweight patients relative to normal weight patients was 2.6 (95% CI ¼ 0.3-23.5), for obese patients relative to normal patients was 3.3 (95% CI ¼ 0.4-30.2), and for morbidly obese patients relative to normal patients was 13.5 (95% CI ¼ 1.4-130.9). When the outcome was revision procedure following an initial period of improvement, there was a trend toward patients with greater BMI having an increased risk for undergoing a revision procedure ( Figure 4) ; however, the small number of patients across the four cohorts would limit the statistical significance of the analysis were it able to be performed. BMI as a continuous variable was statistically associated with the risk for undergoing a revision procedure in the Poisson regression model (coefficient ¼ 1.071, 95% CI ¼ 1.022-1.123, P ¼ 0.004). This association supports the use of regression to estimate 2-year risks for revision procedure. Accordingly, the regression-estimated 2-year risks for undergoing a revision procedure are provided in Figure 5 . Lastly, after re-review of the records, we have confirmed that 5.4% of patients (n ¼ 15) had no follow-up with the senior surgeon, of which 1.8% (n ¼ 5) had followup that could be tracked at Rush University Medical Center. In aggregate, a total of 3.6% (n ¼ 10) of patients had no follow-up that could be tracked.
DISCUSSION
This study suggests that BMI plays significant role in the risk for undergoing a revision procedure following a single-level MIS LD. Specifically, the 2-year revision procedure rate was several times higher in overweight and obese patients than in normal weight patients, and more than 10-fold higher in morbidly obese patients than in normal weight patients. It is possible that part of the reason for the increased incidence of revision procedures in heavier patients is the increased stresses on the lower lumbar spine discs in patients with greater upper body weight. Another potential cause is the failure to remove all disc material during the index procedure, which might be more likely in patients with greater adipose tissue.
These findings add to the present body of literature in several ways. First, the data contribute to a set of contradictory findings regarding the impact of BMI on the risk for recurrent herniation and the need for revision procedures. 12, 21, 34 Among a sample of 283 patients undergoing a single-level lumbar microdiscectomy, Quah et al 21 found no difference in rates of recurrent herniation (defined by improved symptoms followed by development of new symptoms at 2 or 6 weeks following surgery) between obese and non-obese patients. One of the reasons for the discrepancy between our findings and those of Quah et al might be that that Quah et al grouped overweight patients with non-obese patients. As Figure 2 reveals, in our study, overweight patients had a revision procedure rate that was actually more similar to that of obese patients than to that of normal Figure 3 . Revision procedure following a single-level minimally invasive lumbar discectomy without an initial period of improvement. In the multivariate-adjusted cox-proportional hazards survival analysis model, there was a trend that did not achieve statistical significance toward patients with greater body mass index having an increased risk for undergoing a revision procedure (P ¼ 0.061). Figure 4 . Revision procedure following a single-level minimally invasive lumbar discectomy with an initial period of improvement. There was a graphically apparent trend toward patients with greater body mass index having an increased risk for undergoing a revision procedure; however, due to no revision procedures being performed in the normal weight group, statistical analysis could not be performed. weight patients. This finding suggests that it is not appropriate to consider overweight patients to be part of the lower BMI group.
Our findings are more in line with those of another group: Among a sample of 75 patients undergoing one-or two-level lumbar microdiscectomy, Meredith et al 34 found that obesity was a strong and independent predictor of undergoing a revision procedure (defined similar to our study by MRI confirmation on same side and level, and need for revision procedure). Interestingly, these authors grouped overweight patients with normal weight patients in the same manner as Quah et al.
Our study's results should also be put into the context of a recent re-analysis of 1190 patients from Spine Patient Outcomes Research Trial (SPORT) database. 12 That study directly compared operative versus non-operative treatment of lumbar disc herniations and stratified by obesity. The study found that operative treatment was superior to non-operative treatment in both obese and non-obese patients in terms of patient-reported outcomes at final follow-up; however, obese patients had lower clinical benefit from both operative and non-operative treatments compared with non-obese patients. In conjunction with the results of our study, these findings suggest that obesity predisposes to poor outcomes of LD. Interestingly, like the study by Quah et al, the SPORT analysis found that obesity did not increase the risk for revision procedures (defined similar to our study by continuing symptoms, verified by MRI, and need for revision procedure); however, it is notable that like the study by Quah et al, the SPORT analysis stratified by obesity, grouping overweight patients with normal weight patients.
In conjunction with the uncertainty regarding the impact of obesity on the risk for recurrent herniation and revision procedures, there remains considerable uncertainty regarding what other factors might be associated with these outcomes. 24 In this context, it is useful to note that the other demographic and comorbidity factors that were tested for association with need for revision procedure in the multivariate model were not associated with need for revision procedure. These included age, sex, modified CCI, current smoking status, and operative level.
Results from prior studies indicate that obese patients are less likely to improve following surgical treatment of intervertebral disc herniation compared with non-obese patients. 36, 37 Those authors also found that obese patients experienced longer operative times, had greater blood loss, and greater length of stay. 36 These complications might be due to the increased difficulty of obtaining proper surgical access given the additional subcutaneous adipose tissue in obese patients. 37 This difficulty in visualization could contribute to an increase in the risk for failure to improve following surgery. Despite the results of this study demonstrating an increased risk of undergoing revision procedures with increased BMI, the authors believe that a MIS technique is preferable to an open procedure. With the use of tubular retractors, excess fat and other soft tissue is prevented from obstructing the operating window. As such, visualization is relatively independent of patient size, and should not be affected by patient BMI.
The present study has several limitations. First, there was a relatively small sample size given the factor with a 10% recurrence rate. There were only 23 recurrences across four BMI groups, which inevitably produces a low expected frequency in some, if not all, groups. This problem might be reflected in the broad range of the 95% CIs reported. In addition, the small sample size made separate analyses of revision with and without a period of initial improvement following the index procedure difficult. There were only 10 revision procedures in the initial improvement group and only 13 revision procedures in the no initial improvement group. Moreover, there were no revision procedures in patients with a normal BMI that did have a period of initial improvement. Another limitation is that the multivariate-adjusted Coxproportional hazards survival analyses might have diminished validity with so few events and so many subgroups. Finally, whereas all baseline data were collected prospectively, the outcome data were collected retrospectively by chart review. Moreover, even the baseline data that were collected prospectively were not collected specifically for the study at hand.
Perhaps the study's greatest strength is in analyzing the data not merely by obese versus non-obese, as prior studies have, 12, 21, 34 but rather by considering distinctions between normal weight and overweight as well as between the different classes of obesity. Future studies in this area, including any additional re-analyses of the SPORT data, should consider stratifying BMI in more detail.
Key Points
Of the 226 patients undergoing a MIS LD, 56 (24.8%) were normal weight, 80 (35.4%) were overweight, 66 (29.2%) were obese, and 24 (10.6%) were morbidly obese. A total of 23 patients (10.2%) underwent a revision procedure in the first 2 years following surgery. The 2-year risk for undergoing a revision procedure was 1.8% for normal weight patients, 12.5% for overweight patients, 9.1% for obese patients, and 25.0% for morbidly obese patients. These findings indicate that greater BMI is an independent risk factor for undergoing revision procedure following an LD. Furthermore, these results conflict with recent studies that have found no difference between obese and nonobese patients. Patients with greater BMI undergoing LD should be counseled that they might have an elevated risk for requiring a revision procedure.
